Purpose The purpose of this study was to report double dome osteotomy used to correct paediatric cubitus varus and to avoid lateral prominence after correction. Methods Eighteen children with cubitus varus underwent double dome osteotomy. Preoperative templating created from radiographs was used to determine the bone cuts. Double dome osteotomy created a proximal and distal cut, then varus deformity and sagittal alignment were corrected. The osteotomies were fixed with K-wires and immobilised in a long-arm cast. Radiographics and clinical histories were evaluated. Ulno-humeral angle pre and postoperative, range of motion and lateral prominent index were evaluated. Results The osteotomy was performed in 18 patients, with an average age of 7.5 years. All patients ended up with flexion of 130°or greater with full and symmetrical pronation and supination. The average ulno-humeral angle difference compared to the uninjured side was 3.27°. The mean of the lateral prominent index was −0.91. The mean follow up was 50.3 months (30-115 months). All of the patients had excellent clinical and radiographic alignment. No revisions were made in this series. One transient radial nerve palsy and one superficial infection occurred. Conclusion This series demonstrates that double dome osteotomy can provide reliable correction of varus deformity and prevent lateral prominence with a minimal complication rate.
Introduction
Post-traumatic cubitus varus deformity is the most common late complication of a supracondylar fracture or a physeal fracture of the distal humerus. Causes of cubitus varus are now believed to be either supracondylar malunion or trochlear osteonecrosis. The distal humerus malunion typically includes elements of varus, internal rotation, and hyperextension. Distal humeral osteotomy is used to correct this deformity and to avoid later complications, such as ulnar nerve palsy [1, 2] , posterolateral rotatory instability [3, 4] , secondary distal humeral fracture [5, 6] , internal rotational malalignment, posterior shoulder instability with a Bankart lesion [7] and poor cosmesis [1] [2] [3] [4] [5] [6] [7] [8] [9] . A variety of osteotomies have been described with variable success and variable complication rates, including lateral closing-wedge, medial opening-wedge [8] , dome [4, 7, 10, 11] , pentalateral [9, 12] , three-dimensional [13, 14] , and step-cut osteotomies [2] . Options for osteotomy stabilisation have included casting alone, internal fixation, and K-wire fixation with casting.
Some authors report complication rates of over 20 % for corrective osteotomies of the distal humerus [15] . Ippolito et al. performed 24 supracondylar osteotomies with six immediate postoperative complications, including ulnar-nerve palsy, haematoma, and circulatory disturbance. After an average follow-up of 23 years, they found that all but two of the patients lost correction, 14 of the patients were dissatisfied with the appearance of the scar, 12 of the patients had measurable atrophy of the affected arm, and ten of the patients had loss of motion [16] . Oppenheim et al. performed 45 corrective supracondylar osteotomies in 43 children with a 24 % complication rate, including neurapraxia, sepsis, and cosmetically unacceptable scarring [17] . With slightly improved results, Labelle et al. reported 33 % unsatisfactory results after 15 supracondylar osteotomies [12] . Newer techniques of percutaneous pin fixation versus casting alone and closer postoperative observation for correction of the deformity have decreased the complication rate to less than 15 % [18] . A comparative study of 25 patients randomised between the French and dome osteotomies found improved rotational correction using the dome method, but this technique was associated with significant complications, including inadequate correction, nerve palsy, loss of motion, and circulatory compromise [19] .
Suffice it to say, a clear method that achieves long-term deformity correction and complete patient satisfaction while minimising complications has yet to be fully developed. Toward that goal, we report a new double dome osteotomy of the distal humerus. First, this technique avoids a lateral prominence usually present following a simple closing wedge osteotomy, allowing for better cosmesis. Second, the method presented allows for rotation at the centre of the deformity, rather than at the edge of the closing wedge. This should result in improved rotational correction without neurovascular compromise. We also used a lateral approach to avoid postoperative extension lag. Posterior dissection distal to the olecranon fossa was avoided to prevent compromising the blood supply to the trochlea.
Methods
Between 2000 and 2010, eighteen children with cubitus varus underwent a double dome osteotomy performed by two paediatric orthopaedic surgeons. Indications for the surgery were pain, instability, secondary fracture and poor cosmesis in the affected arm. Clinical and radiographic measurements were used to determine the amount of correction. Clinically, the patients' range of motion and carrying angle were measured in the affected arm and compared to the normal arm. The differences were used to establish the angles of bone that should be corrected. Clinical and radiographic parameters were evaluated at the latest follow up. An institutional review board approved this study.
Preoperative radiographs of both upper extremities were analysed to confirm the bone cuts and also the bone that must be removed in order to correct the varus and extension deformity ( Fig. 1 ). The lateral approach was used. A longitudinal incision, measuring approximately five to six centimetres, was made over the lateral distal humerus. The antebrachial cutaneous nerve and its branches were identified and preserved. Dissection was carried out in the interval between the brachioradialis and triceps muscles. Subperiosteal dissection was performed to expose the distal humerus circumferentially. Posterior dissection distal to the olecranon fossa was avoided to prevent compromising the blood supply to the trochlea. A first dome osteotomy was performed just above the olecranon fossa apex of the first dome, at the centre along the axis of the humeral shaft, and apex of the second dome osteotomy at the centre along the axis of the ulna bone (Fig. 2) . Translation of osteotomy site to correct the varus deformity and extension deformity was performed and fixed with 0.062-in (2-mm) Kirschner wires placed across the osteotomy site both medially and laterally (Fig. 3) . These pins were left inside the skin. A goniometer was used to measure the carrying angle of the elbow, and elbow flexion and extension were then checked to ensure similarity to the contralateral side. The wound was irrigated, and a small amount of local bone graft from the excised wedge was packed around the osteotomy site. After closure, flexion, extension, and varus/valgus stability were checked under fluoroscopy to ensure that the osteotomy fixation was stable. A long-arm cast was applied in 90°of flexion, with the arm placed in neutral rotation.
The evaluation included assessment of the ulno-humeral angle, lateral prominent index from anteroposterior radiographs and measurement of the passive range of elbow motion using a goniometer before surgery and at the time of the final follow-up. We recorded complications such as infection, recurrence of cubitus varus deformity, nerve palsies, instability of the elbow, and refracture. Loss of correction was determined on the basis of the radiographic change in the ulno-humeral angle from immediately after the correction to the time of the final follow-up.
Postoperatively, the cast and pins were removed approximately eight weeks later in the operating room after callus formation was seen on the radiograph. If the callus had not yet formed, the pins were simply left in for longer. While most children do not require formal physical therapy, we generally teach the parents how to performed range of Fig. 1 Preoperative anteroposterior (AP) and lateral radiographs of a supracondylar malunion in a 7-year-old boy motion exercises at home. A follow-up appointment to assess the range of motion was scheduled about four weeks later, and if motion was not nearly normal at that time, physical therapy to improve elbow motion was recommended.
The lateral condylar prominence index (LCPI) is evaluated by calculation of the relationship between the medial and lateral epicondylar prominences in relation to the width of the distal humerus. The LCPI is defined as (AB−BC)/AC, where AB is the length from the centre of the humeral condyle to the lateral epicondyle, BC is the length from the centre of the humeral condyle to the medial epicondyle and AC is the length from the lateral epicondyle to the medial epicondyle. In the "normal" humerus, the medial condyle is slightly more prominent than the lateral, resulting in a slightly negative LCPI. The more "positive" the LCPI, the more prominent the lateral condyle.
Results
The osteotomy was performed in 18 patients: 15 males and three females ( Table 1 ). The average age at surgery was 7.5 years (range, 4-15 years). All patients ended up with flexion of 130°or greater, which is commonly accepted as sufficient flexion for activities of daily living. All patients had full and symmetrical pronation and supination preoperatively and postoperatively.
The ulno-humeral angle was measured pre and postoperatively. The average ulnohumeral angle was 18.7°of varus preoperatively (range, 12-27°), and an average of 6.8°of valgus postoperatively (range 2-15°). The average angular correction was 25.5°(range, 17-37°). The average contralateral ulnohumeral angle was 7.7°of valgus (Figs. 1, 2, 3 and 4). Mean follow up was 50.3 months (range, 30-115 months).
There were no operative revisions. All patients were satisfied with the cosmetic and functional results of the surgery. One patient had a postoperative superficial infection and recovered following oral antibiotic treatment. A transient radial nerve palsy occurred in one patient and recovered in six weeks. No patient had any late complications such as ulnar nerve palsy, posterolateral rotatory instability, or refracture.
Discussion
The accuracy of the initial reduction best predicts the incidence of subsequent cubitus varus deformity in paediatric supracondylar fracture of the distal humerus. Despite modern treatment techniques, cubitus varus remains a complication of supracondylar humerus fractures. The consequences of cubitus varus include an increased risk of lateral condylar fractures, pain, posterolateral rotatory instability, tardy ulnar nerve palsy, internal rotational malalignment, and poor cosmesis.
The distal humerus malunion typically includes elements of varus, internal rotation, and hyperextension. Numerous Fig. 2 a-c Osteotomy technique. a Apex of first dome is at the centre of line drawn along the humeral axis and the second dome apex at the centre of a line drawn along the ulna axis. b Template drawing of osteotomy. The black area represents the bone that needs to be removed. c The direction of rotation of the osteotomy Fig. 3 Postoperative demonstration of K-wire fixation following osteotomy with medial and lateral fixation with three Kirschner wires International Orthopaedics (SICOT) (2013) 37:641-646osteotomy techniques have been described with variable success and variable complication rates.
Kim et al. used a wedge osteotomy, stabilised with a Y-shaped humeral plate. All patients had good alignment and the desired range of motion. One patient had a tardy ulnar nerve palsy, and another patient had considerable scarring [20] . Another case series of 22 children was reported by Yun et al. in 2007 using a similar osteotomy, which had generally excellent results and two complications. One patient had an undisplaced fracture intraoperatively that healed satisfactorily, and another patient had a tardy ulnar nerve palsy [21] .
Tachdjian initially mentioned the dome osteotomy in 1972, with Higaki and Ikuta later describing the technique more thoroughly [22] . Kanaujia et al. reported dome osteotomies on 11 children to correct varus deformities. This involved a posterolateral approach, the use of Ikuta's fixation device, and crossing Kirschner wires for fixation. The correction was satisfactory in all of the cases, and there was no serious complication.
Other described techniques include step-cut, interlocking wedge, and arc osteotomies. DeRosa and Graziano used a step-cut technique of distal humerus valgus osteotomy using one cortical screw for fixation in 11 patients. They found no radial or ulnar nerve injuries, nonunions, infections, or hypertrophic scars. One patient had residual varus [23] . Miura et al. treated 20 patients with an interlocking wedge osteotomy, with only one poor result [24] . Matsushita and Nagano treated 12 patients with an arc osteotomy, and they observed no complications [25] .
This series demonstrates that double dome osteotomy through a lateral approach can provide reliable correction of varus with a low complication rate. This osteotomy has several advantages. It reliably corrects varus deformity without producing a lateral prominence. We recommend this technique for the treatment of supracondylar humerus fracture malunions in children. In this series we corrected only varus and hyperextension deformity; the reasons for omitting internal rotation deformity from this study are that it may make a difficult and unstable K-wire stabilisation and the rotation correction will create anterior prominence limiting flexion [20, 21, 26] . Rotational deformity is not the primary disability in residual cubitus varus because it is easily compensated for by rotation of the shoulder joint [4] . O'Driscoll et al. [4] reported that displacement of the triceps brachii, which causes the instability, results from the varus deformity rather than from the internal rotation. In our series with simple coronal plane correction, no patient developed tardy posterolateral rotatory instability.
Mitsunari et al. showed that an internal rotation deformity contributes to the onset of tardy ulnar nerve palsy. With correction of the varus deformity, anterior compression of the nerve by the medial head of the triceps brachii is relieved. We believe it is sufficient to perform anterior transposition of the nerve at the time of the osteotomy in patients with preoperative symptoms related to the ulnar nerve. In our series, none had an ulnar nerve palsy preoperatively, and we did not encounter any patients with tardy ulnar nerve palsy, even among those in whom the internal rotation was not corrected.
For the problem of sagittal alignment, Gadgil et al. [27] reported that patients over ten years of age who were treated with straight-arm traction after distal humeral supracondylar fracture had some terminal restriction of flexion, indicating limited remodelling capacity in this age group. We also noted no significant remodelling in patients over ten years of age without surgical correction of flexion. In this series we simultaneously correct sagittal alignment along with varus correction in every patient except those under ten years old.
In conclusion, in the surgical treatment of post-traumatic cubitus varus deformity, correction of internal rotation malalignment may not be needed as it is difficult to maintain the corrected carrying angle because of the small area of osseous contact. It is possible to treat tardy ulnar nerve palsy by anterior transposition and to treat tardy posterolateral rotator instability with ligament reconstruction in symptomatic patients, even if the internal rotation is not corrected. In this series we performed double dome osteotomy to correct varus deformity and also checked for proper sagittal alignment simultaneously in all cases.
